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EVALUATION CF SUFFACE pH AS 4 FFELSINESS
INDEX PR FISH FILLETS 1/

By R, Psul Elliott, Bacteriologist
Division of Comnerc1u¢ FLShCTl?S
At the present time organoleptic observations are the only gencrélly
accepted criteria for judging the freshness of fish, Such tests are very in-
accurate, but no accurate objective test has yelt been devised which meets the
requircmerts of simplicity, rapidity, low cost, and £lso does not mutilate the
sample and thus ronder it unfit for salec, ' '

If the pH of fish flesh could be correlatcd with fish freshness, such a test
would come very closc to mecting the rcouircements of an ideal test. phH deter-
minetions cmploying 2 pH meter are simple, rapid, @nd accurate, yect the semples
are not destroyed. Substitution of pH tcst vepers for the pH metor would increasc
the simplicity and ecconomy of such a test.

) Wood, Sigurdsson, and Dyer (1942) suggestcd thot ‘tests the surfece of
fich lrsh are much morc delicste than. Lho°o on comnosite s(nnl(s conteining
both surface and interior flesh, This is due to the frct that spoilage is ruch

morc rapid at the surface than in the 1ntrrlor of fillets., A more recent papcr
by the ssme suthors, Dyer, Sigurdsson, and Wood (1944), suggests thc use of pH
on the surface of fillets as an indcx of freshness, These authors indicate that
this is a rcliablc tcst cven though the pH valucs of the interior, or of the
composite szmples, are not sensitive indicetors of fish freshness,

The U, S. Army CGuartermaster Corps buys fish fellowing an inspection by
the Army Veterinsry Corps. A1l tests employed by the Veterinary Corps are
organoleptic, and conscquently the quality of the {ish purchased depends cntirely

on the judgment of the individual inspector. For this rceson the U. S, Army
Quartermaster Corps exrressed the need for an objective t st to replace, or at
least to supplement, the organcleptic examinetion and asked the U. S, Fish and

r.

Wildlife Service to investigatec thc test vproposed by Dv:r et 2l (1944). This
investigation. was then undertaken with the followlng ocjects in view:

1. To study thc surface pH test to determine whether or not it would
of of vslue to the Army Veterinary Corps inspectors as a freshness
yardstick for fish fillet purchascs,

2. To simplify it further,

3. To apply thc tecst to the types of fish the U. S, Army generally pur -
chascs for mess ULTpOS“S. These included verious specics not
vroviously tes t(d by DJOT et al, (194@).

¥ .

1/ This erticlc appearcd in FOOD FESEAICH, Vol. 12, Wo. 2, March-April 1947,
pages 87-9¢,
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Tne studics ‘et reported were made durlng the nonths of September,
October, and November, 1944, in labor-tory space. fﬁrnished to the U, S, Fish
and Wildlife Servicc by the Gorton-Pew Fisheries Compeny, Limited, at Gloucester,
Massachusetts. - SRR

Experimentel Procedure

Hondling Fish Sgmples: TFish were rcceived directly from the commercial
fishing bocts in ns frosh o stete as possible, Gillnct boats were out for about
10-hour pericdss consequently, those fish descrited as "gillnet"-caught were
only six to scven hours out of the water when parbheased, Otter trowlers were
out for pericds of onc to two weeks, The fich described os "otter trawl"-
caught were obtained from the top of the load wherecver possitle and, therefore,
were still fresh when received, During the storsge period on otter-trewl boets,
the fish hed becn iced according to commerciel prectice,

The fish to be tested (haddock,. whiting, dabs, pollock, cod, rosefish,
end gray sole) were filleted 1r1ed1ately upon their rcceipt at the dock, As
the fillets from each fish left the filleter's kmife,*they were peired and
wrapped together in a piece of parchment or waxed peper and stored in crushed
ice., At all times during the storoge pericd, on cxcess of ice covered them, so
that their temperature was kept constent. At intervels of oge or two days,
until the fish were completely spoiled, the fillets from six~ fish were removed
from the ice and one fillet from each pair wes cxemined, while its duplicate
was wropred in double parchment or waxed poper cnd then in plain wrapping peper-
and placed in a cold room held ot =15 to -18°c.(5 to =0.L°F.).

Duplicate fillets were frozen beczuse any test, to be rractical for Army
use, had to bc applicable to fich which had béern frozen since most of the fish
used by the Army is frozen immediztely after filleting ond criticel inspcctions |
are made on the thawed product. These frozen duplicotes were held from two |
weeks to two months ot =15 to -18°C, until timc wes aveilable for their examina-
tion, Beczuse the investigotion was neccsserily of short duration, it was
impossible to dctermine thg effect of prolonged freozen storcge,

Loborctory Techniocuc: In the laboratory the fillets were tested using o
pH meter,< Carcful cheeks were mede on the reter with commercinlly prepared

buffer soluticns ot pH 7 at the beginning of each day's work and sbout every
twoe hours during the okalnztlonu. :

Freliminery studies indicated that washing electrodes between fillets was
unnecessary becouse the effcet of residuasl films on the glass electrode was
ocvercome ty'cach new contact with the fillet surface, It was found thet the
effect of fork noles on the pH was not noticeable unless the pertion around the
hole was very badly discolored and decomposed., The effect of temperet
variation on the res dlngs wae found to te unimportant for the tewpcrﬂture range

in which the fillets were examined, rrovided the tcmperzature compensator on the
pH mcter was used, : : -

1Fitzgera1d and Conwey (1937) found thet 2 minirum of five fish was reguired to
represent the quality of a batch of 2,000 pounds of -haddock. ~

his was a Beckman Mcdel G with external glass (Beckman No, 1190) end calomel
(Peckman No, 1170) electrodes, e
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Freliminery to the sxeamination, .the fillcts were placed on a table in a
room at 20 to 30°C. (68 to 86°F.) snd allowed tc remein until their temperoture
had changed from that of melting ice to 10 to 1500.(50 %o SOPR. Y. . Beth s
frozen’ and frozen fish were treated in this manncr., Though the frozen fish
took three te four hcurs tc thaw, it was beclieved inadviselble to apply heat
or water,

The pH values cof thc surface and freshly cut interior portions were made
at points designated (Fig. 1). The fillet was held firmly against the rigidly
suprerted electrodes, but not firmly encugh to puncture the flesh, and = fem
seconds were allowed for equilibrium to be attdainéd before the reading wa
t:.l\;‘n.

The odor of the raw, uncooked fillet was noted when the readings for toth
the surface and the interior had becn obtained. 4t the beginning of the in-

* vestigation the opinions of three or four people were zversged, while during

the latter part of the study only the author's opinion was considered. Since
his opinicns had always becn in agrecment with the average of the other partie-
ipants, this was believed accerpte ble.

It mey be noted in the accompanying gre phs and tables that the organocleptic
data were classified as fresh, fleot, sweet, stale,” and putrid. A fillet
designated cs* "fresh" hed the normpl odor of freshly caught fish, If it was
"flat" there was an sbsence of odor--normel or ctherwise, A "sweet" fillet had
an odor not especially unpleasant but reminiscent of watermelon, A "staleg"
fillet had o cheracteristic smmonie=like odor (cdor of ammoniz and other mixed
amines) but hed not reached the "putrid" stage et which pnibt thc odor bécame
obngxicus (hy@rogen sulfide, indrlt, skntolc, etc, were preseént). £11 fish
examined in this stuuy spoiled in the above mennor exeept whiting and rcsefish,
At the sweet stage whiting developed o perfunc-like =roma instezd of the usua
watermelon-like odor, ‘Roscfish did not tecome sweet btut passed directly from
flat to slightly stale,

The suthor and thosc who co-operated with him considered the fillets edible
through the "sweet" stage, of questionsable cdib*Tit: at "very sweet" and
"slightly stale," end inedible at "stale" and at more advanced stages of decom-
positicn. This desipnation of the exect point ft which the fish became inedible
was deternmined by judges in the habit of eating fish only cof the very freshest
nature, Less discriminating peorle might have vlaced such & point elsewhere,

Iferpretation »f Data
fecuracy of lethods: A study of values obteined at the varjous surface
sampling points chown (Flg. 1) revenled that the fidueial limits™ of the seven.
surface pH recadings on individual fillets weas, on 211 samples except these in
advenced stageos of decomposition, always as small as cr smeller than £0.18, The
fidueial linite of thec mean® were as small as or smaller then #0,08, except in
the most advanced steges of spoilage (Table 1). These values were believed to

AThe "Piducial 1lirits" give the 1imits within which 95 per cent of thc-values ob-
tained will be: ekpvcfcd to f211, In this case (seven 59mples), the standard
devistion riltiplied by 23 gave the "fiduciel limits," and the standard deviation
of the mean rultiplied by 2% gove the "fiducicl limits of the mcan."
fnfrozen” is uscd instead of "fresh" to sveid confusion between the use of

the word "fresh" to signify lack of freezing nnd "fresh" as en orgencleptic cri-
terion, 3



be sufficiently smell for the required accurzcy of the test., In the deta tre-
sented here, all surface pH averages mey b’ cssured to be within ¥ 0,08 pH of

the true mean for the fillbt descrited, unlese tbnt fillet, is "vary stale"
worse.,

Tatle 1

Prccision of pH Determihation on Haddock end Grey Sole

e e —
Expected veriation among individucl surfoce pH detchlnatlcns
on fillets ot various Acgrecs of spoilage

-
Odor Roting Fiduciel limits of the meen
"Fiducinl linits (stenderd devintion of
(stendard deviation X 2} meen X 2%)
Unfrozen Frozen Unfrozen Unfrozen Frozen Unfro:
otter-trewl otter-trowl otter-trowl otter-trawl otter-trawlottar-tx
haddock haddock gray sole haddock haddock gray sc
Fref‘.h.....----. .lo 006 .18 .OL 002 007
Flatisassssssia  odd .07 .15 04 .03 .06
S, eweetiini.e.  L16 -—- --- .06 --- =
Sweetivieieness === --- .18 -—— - .07
Sl 8telGeessses a8 . o 17 ,18 07 , .07 .08
Staleevecoesens ——— .18 .20 - .07 .08
Very stale..... 19 .39 ——— .07 [ 4 —-—
S1. putrid... . .70 —— — .27 —— N
PotTidecsscpsse . wow 27 - ——- .10 S
Lsce Fig, 1 for the positions of the seven surface pH readings teken on -cch
fillet,
It rust be understood thot organcleptic tests are not nlways asccurate,
Had a strictly rcli"bl( crgenoleptic mcthod been gveilable, perhaps better
corrclation with pH would hzvh been obteined in certaoin instances, Reference
to the grephs rCCﬂmp‘nving this report reveals thet when pH is plotted against
organcleptic rciing \Agr . 3 %c 7), the standerd devirtion is quite large at
times, However, wien is piovied against storoge tire (Figs, 3 to 7) the
standard deviatica s l ss ¢g . generzl rule, Thus storege time is indiceted
to be more depencetle than crgenolevtic reting in these instancos,
Theory of rH Uancess Figuﬁn 2 shows thc-idecl curve upcon vhich the surface

1

pH concept as dcs~~.tod by Dyer; Sigurdsson, and Viood (194.) is besed. The
flesh:of .1livg fish, sach os I (ﬂ’"” has o pH vzlue close to neutrelity., Aceord-
ing to Eenson (1S2%), blfavﬂ"_ this iz truve only of rested muscle; the flesh.
of fish which have struggled on being crught \bl¢ln >t, otter-trawl, and line-
caught fish) is slightly acid on desth, and it will blcome more acid 28 the
processes of rigor mortis take place, Uithin fcur to 24 hours after the deanth
of the fish the pH of the flesh reaches 2 minirun in the neighboerhoed of pH 6, 5
cr lower, In the case of fillets surface and interior pH values are the some
at this stoge since no surfoce bacteriol action has token place, - For 2 few ..
days the pH of both the surface and the interior remoins in the vicinity of 6.5
The fillets arc still considered te be in o fresh cen Aition, ; After a period

of time wthh veries with the terpertturu, the specics of fish, and meny other

e



factors, Lacterial action at the surface of .the fillet releases amlnes, chiefly
trimethylamine, which tend to cause a rise in the pH 2t the surfac Thus the
surface pH increases more repidly than the interior pH, since the bccteric
and/or their metzbholic end rroducts filter tc the 1nter~or only very slowly.
This differential hes been taken by Dyer et al. (1944) as significant in
determining the difference between very fresh fish evd fish at incipient
spoilage, even though the surface pH values may te similar, For example, the
surfece pH immediately on death (Line A, Fig. 2) may te the seme os thet

when spoilege is under way (Line P, Fig. 2}, but the interior pH in the latter
case would be much lowver,

In view of the importance of such pH differences between the surfoce and
interior, points representing {illets whose interior pH values were close ta
the averzge of the seven surfzce values have been encircled on the grophs
eccompznying this report, while 2 cross is used to mark those points reprcsent-
ing fillets on which one or more of the interior pH velues were significantly
lower than this average. If zn interior pH departed from the mesn of the
seven-surface values by more than two and & half times the standard devietion
of the surfzce recadings of 211 the fresh fillets, the fzct was considered
significant. As refercnce to Figs, 3 to 7 will demonstrate, the grenter oro-

portion of encircled pH values occurred on fillets in z comparatively fresh
cordltlon, thus the contention advanced by Dyer et al. (1944) thet surface
pH rises fastor than interior pH is substantiated.

Presentstion of Data? Figures 3 to 7 show the relntion of surface pH
f fillets of various snecies to storage time in ke after filleting and to
organoleptic rating.

For all speccies studied it wos found thet -the pH rose as =poilggc pro=
gressed, With some species the depena tility of the correlation of pH with
the degree of spoilage wes good, but with others it was poor, :

It is evident (Fig. 2) that pH 6,7 was the dividing line between fresh
fillets of haddock znd thosec at incipient spoilage. These results are in
agreement ith the work of Dyer et al. (1944). £n experiment run with

iilnet-canght haddock showed results very close to those cobtained with the
otter-trawl haddock, but the limiting line between fresh and spoiling fish
was pH 6.8 instesd of pH 6,7, This difference might very well have been
experimental error,

The correletion of pH with freshness of whiting (Fig. 4) was nearly
as good as that for hzddock., With this species, however, the pH range of :
the fresh fillets (pH 6.9 to 7.3) was much higher than that for haddock, Dabs
(Hippoglossoides platessoides) fell into the same crtegory es whiting, though
the pH range of fresh samples (pH 6.7 to 7. O) wes lower then thet for whiting.
No deta are presented for this species,

'—l

With hoddock, whiting, and dabs the pH of &n individunl fillet gave
some ides of its.condition as evidenced by thc consistent rise in pH as spoil-

—+

j'Eecru=c aprroximotely 10,000 pH determinations were made during the course

of the investigation, ”17 of this matcrial could not possibly be presented
Dhere for lack of space., For this reason, no data are presented for the .frozen
dupllcate fillets, and graphs for some species of fish were deleted becouse
they were very similar to those included with the report,
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age progressed and by the absence of any serious overlap of individual points

at different levels. VitH the rest of the species studied, however, the

surface pH velues of individual fillets lost their significance end only

average pH velues of several fillets of equel quality could be rclied on to !
give a correlation with storapge time or orgenoleptic rsting. In some cases

even this aversge was very erratic. If more than six fillets hed been exrmined
each day, smoothcr curves would have resulted, T - '

The deta for pollock ere presented (Fig. 5); the pH renge for the fresh
fillets was verv vide (from about 6.5 to 7.1). A1l tut a few of the fillets
whose interior pH values werc close to the velues ot the surfrce (s indicated
by encireled points) fell in the "fresh" group, cnd few were included in this
group in which the intcrior pH was significantly lower than the surfrce pH,
This would indicetec, sccording to the theory of the surfece concept, thrt
thosc fresh fillets vhose pH values w-re quite high might be at the extrcmely
fresh stage (as indicated by Linc A, Fig. 2). This idea was not borne out
by the data, however, A comparison of the drta used in plotting the two
curves (Fig. 5) shored thet pH readings above 6,9 occurred on frosh fillets
on the second, third, and fifth deys ac well as on the first dey.

Dycr ot nl. (1944) rcport-d thot the tost worked ' 11 far cod, The deta
for ced (Fig. €) show tht, ir these experiments, the ol velues of individurl
fillets of a given nge or of » given odor rr*ing had little meening, while the
averzge of thesc figures showed cn upwerd *rond e5 crnoilcee progressed,

The data for gray sole, as rresented (Fiz, 7), sho7ed thet p mey not
be o reliable index of the condition of fillets cven though & generrl trend
upwerd is easily scen. In thies cese the surfice oH vrlues ef individunl fill-ts
hed very little mezning, ond even the meen of cevercl of equal qurlity wes not ‘H
a wholly depcndcoble criterion, The deta for roscfish (Scbastes mrrinus) erc
not presented, tut. the results when plotted look very much like those of greoy
sole (Fig. 7); thet is, individucl points overlrpped, the line drewn between
mean pH values of fillets of equesl queolity varied errrticclly, 2nd the totel
pH shift wzs not grest, ;

Then the dota for the thawed duplicate s~mples werc rlotted (grephs not
presented), it wos found thot the pH velucs ©s » vhole dropped considerctly
ns a result of freezing ~nd/or storrge in the frozen condition, Upon ezrcful
scrutiny of surfacc pH sverzages of individusl fillets, however, it wms found
that this tendency for pH to drop on freezing 'ms rot st r11 consistent, rnd
occasional volucs even rose ofter such treatment., Pecruse of such irrcgulerity
no correction factor cen be essigned to & given specics, Therefore, since the
changes in pH owing to frecezing are often very rerked, the applicetion of the
test to thawed fish a8 n freshness index seems imprzctical,

Simplificotion of the Test: An attempt wes mrde to simplify the test
by the use of pH test papers, but none was found in the proper range which was
sufficiently rcccurate for the purpose. This was not surprising in view of
similer rcsults reported by other workers, Kolthoff znd Fosenbloom (1937). It

is felt, howcver, that the use of the vH meter is not o serious drawbeck to the
test,

Discussion

. In considerihg the applicotion of the tost to gemmercial mractice, certein
difficulties arise, First, it ‘gives an indication of spoilage which occurs 6

6



only sfter the filleting process. Undcubtedly, spoilege occurring previous

to filleting docs heve some effect on the test, but surface pH velues on new

fillets would give nc more indication of freshnecss then those on composite samples
5 or internal flesh,.since the filleting operstion mrkes a fresh cut end, therefore,

a surface pH taken immediately after filleting would not be a surface test but
rather an interior test, If the test could be sprlicd to a whole or eviscerated
fish, this difficulty might be avoided; however, in their reference to its use
in thls monner, Dyer et al., (1944) did not describe how it could be done. The
author would expect it to be very difficult to correlate surface pH of whole or
eviscerated fish with the freshness of the flesh,

The next limitation, and probebly one of cqual importance, is the cffect
of fillet dips on the test, On the Atlantic coast, and to a small extent on
the Preific ceast, fiilets are dipped in brine after the filleting process.,
Occesionnlly elksline dips are used to enhance the color and, therefore, the
salebiiity of the fillet, If surfoce pH were used as a measure of freshness,
eny of the dips used ot present might affect the test merkedly, Also, when the
test beecame well knom, it would bh an easy mctter for the processor to intro-
duce zeid procducts into the dipping solution of fish of guestionable quality and
thus lower the pH te ccrrespond tc velues obteined on a strictly fresh product.
Develcpment of the test on wheole cor eviscerated fish womld not circumvent this
difficulty since thc rpactice of using cerbonnte solutions tc remove and neutra-
lize malodorous materinls from whole fish has been well esteblished in some
sections, .

As stated ‘reviausly, the test probably applies only to fish which haw
never been frozen since, on freezing, erratic pH changes occur which are not
connected with fr shnese in ony way. ;

i) These lirmitatiorns have bcen rentioned to show thst, even if it were per-
fected, the test would not be of ‘practicel velue tc the Army. Furthermore, in
commercial application its drawbacks, s outlined above, arc not to be dis-
regarded, The tcst has proved of grest velue from the stendpoint of theoreticel
interest, however, sincc it has added to our information on fish spoilage. For
laboratory resecrch it will prove very useful,

Eeforc any general applicotion could be mede, it would be neccss sary to
determine diffcrent limits for each Sp@Cle end to determine the numbet of
fillet excmincticns thot would be recuired to give a true indication of the
condition of a lot of f*sh Fitzgerald and Cﬂanj (1937) stctecd thrt five
representative fish indicated the quality of a 2,00C-prund lot, but this does
rwtmmntmutm:ﬁiwhmscffneflnzvm@mm;ﬂmqwdﬁyoftmtldg
since widc pH vorintions often occur betwcen fish of ecunl quality (Figs. 5, 6,
and 7). It would also be desirable to determine the cffect of (1) varistion in
types of bacteria mresent, (2) variation in becterisl load, (3) differences in
area of ceteh, (4) difforences in method of cnteh, snd (5) differcnces in senscn
of the ycor

Summery
The surface pH test as described by Dyer, Sigurdsson, and Wood (1944)

a method for determining the freshness of fish fillets was studicd, using
haddock, whiting, debs, pcllock,. cod, rosefish, and gray sole,.

S% As determined by comperison of pH changes with organcleptic grading end
with time of storage in ice, the surface pH of fillets tended to rise in =211
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cases as spoilage progressed. The best correletion whs obtoined with haddock,
whiting, and dabs, With the other species examined wide veriations occurred
in pH among fillets in on equel state of freshness. Thus individusl pH
velues hed less significance in the cese of thesec letter sprcies, and only
the meen pH of scveral fillets of equel quality gave o good indicetion of pH
trends on spoilage, '

The dete cbtained on thrwed fish did not show o dependatle correlation
between pH and freshness because of erratic pH changes, protebly ~wing to
the freczing snd/or storege in the frozen condition.

Even if the pH test were perfected, it would be of limited value because
it gives a relicble index of spoilrge occurring only after the filleting
process =nd beeouse it would be affected by ccid or ~lkeline dips. Thesc
limitations reduce its velue for practical ficld work but do not precluc: its
use as & leboratory test in reseerch work,
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DAYS IN ICE AFTER FILLETING

ODOR OF RAW FILLET

F16. 4. PH changes during spoilage of whiting (Merluccius bilinearis) fillets.®
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Fia. 5. PH changes during spoilage of gillnet pollock (Pollachius virens) fillets.®
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F16. 6. PH changes during spoilage of gillnet cod (Gadus callarias) fillets.*
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SURFACE pH (Averags of saven)

6
In Figs, 3 to 7, encircled points indicate that both interior pH
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F1e. 7. PH changes during spoilage.of otter-trawl gray sole (Glyptocephalus

cynoglossus) fillets.’

ODOR OF RAW FILLET

values taken on that fillet were quite close to the surface average,

while a cross indicates that at least one interior pH was significantly

lower,
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